Abstract-Chronic whiplash is a debilitating condition characterized by increased sensitivity to painful stimuli, maladaptive illness beliefs, inappropriate attitudes, and movement dysfunctions. Previous work in people with chronic low back pain and chronic fatigue syndrome indicates that pain neurophysiology education is able to improve illness beliefs and attitudes as well as movement performance. This single-case study (A-B-C design) with six patients with chronic whiplash associated disorders (WAD) was aimed at examining whether education about the neurophysiology of pain is accompanied by changes in symptoms, daily functioning, pain beliefs, and behavior. Periods A and C represented assessment periods, while period B consisted of the intervention (pain neurophysiology education). Results showed a significant decrease in kinesiophobia (Tampa Scale for Kinesiophobia), the passive coping strategy of resting (Pain Coping Inventory), self-rated disability (Neck Disability Index), and photophobia (WAD Symptom List). At the same time, significantly increased pain pressure thresholds and improved pain-free movement performance (visual analog scale on Neck Extension Test and Brachial Plexus Provocation Test) were established. Although the current results need to be verified in a randomized, controlled trial, they suggest that education about the physiology of pain is able to increase pain thresholds and improve pain behavior and pain-free movement performance in patients with chronic WAD.
INTRODUCTION
A whiplash trauma of the neck can result in bony or soft-tissue injuries that produce a large variety of clinical manifestations grouped under the term whiplash associated disorders (WAD) [1] . Using the Quebec Task Force on WAD (QTF-WAD) guidelines [1] , WAD can be classified into five grades of severity: grade 0 = no neck symptoms or physical sign(s); grade I = neck pain, stiffness, or tenderness but no physical sign(s); grade II = neck symptoms and musculoskeletal sign(s) such as decreased range of motion and point tenderness; grade III = neck symptoms and neurologic sign(s); and grade IV = neck symptoms and fracture or dislocation. Between 10 and 42 percent of patients who sustain a whiplash injury develop chronic pain and approximately 10 percent of patients experience constant severe pain [1] [2] [3] [4] . The main pain complaints that persist 6 months after the accident are neck pain (10%-45%), headache (8%-30%), and pain in the shoulder and arm (5%-25%) [5] . Additional complaints by patients with chronic WAD are depression, fear, difficulty concentrating, fatigue, and irritability [1, 6] .
Little is known about the continuum of WAD from the time of injury through transition to either recovery or chronicity [7] . Several mechanisms such as altered central pain processing and central sensitization [8] [9] [10] [11] and the role of cognitions and behaviors [12] [13] [14] [15] have been suggested, and evidence that supports these theories is rising. The dearth of trials evaluating conservative treatments for patients with chronic WAD is striking. Stewart stated that very few trials have evaluated interventions for patients with chronic whiplash [16] , while Verhagen et al. performed a systematic review concluding that none of the investigated conservative treatments were effective for the treatment of acute, subacute, or chronic symptoms of WAD [17] . The cases that do not recover by 3 months are responsible for the majority of whiplash costs [1] ; therefore, treatments that prevent transition to chronicity or that are effective for chronic whiplash have the potential to significantly reduce social and economic costs [15] . Holm et al. suggested that education about the physiology of chronic whiplash pain can improve expectations for recovery, especially in the (sub)acute stages of WAD [18] . This is supported by Oliveira et al., who evaluated the effects of a psychoeducational film shown to patients with acute whiplash who consulted an emergency unit after injury [19] . The film consisted of information about symptomatology, physiology of a cervical strain, physiology and physical/emotional triggers of muscle tension, medical treatment, expectations of recovery, and examples of exercises. This psychoeducational intervention resulted in improved recovery in the patients with subacute whiplash. In patients with chronic WAD, programs including exercise and extensive education to change pain cognitions and pain coping strategies resulted in a positive outcome [15, 20] .
Catastrophic beliefs about pain are associated with heightened pain and disability in people with chronic WAD and play an important role in the transition from (sub)acute to chronic WAD [12, [21] [22] . In addition, psychological factors such as depression, anxiety, expectations concerning recovery, and high psychological distress have been identified as important prognostic factors for patients with WAD [7, 18, [23] [24] ]. Söderlund and Lindberg described the importance of using positive coping strategies in dealing with whiplash-related complaints [22, 25] . Patients who are misinformed about pain consider pain to be more threatening and present lower pain tolerance, more catastrophic thoughts, and less adaptive coping strategies [26] . Therefore, the education of pain neurophysiology is aimed at both altering patients' knowledge about their pain states and reconceptualizing pain [27] . Psychoeducational interventions that have been studied in WAD often include informing the patient about symptomatology, recovery, activity, and treatment and/or addressing pain behavior and beliefs. When only cognitive and behavioral responses are encouraged, without reconceptualizing pain, these responses may be counterintuitive for patients with chronic pain because pain is still a sign of harm to them [28] . Therefore, Moseley relies on "deep learning" education on pain neurophysiology that is aimed at reconceptualizing pain, on the assumption that appropriate cognitive and behavioral responses will follow when pain is appraised as less dangerous [29] . Even when education about physiology is included in psychoeducational programs, it is often limited to the physiology of a cervical strain. Except for the changes that occur in the local tissues because of a whiplash injury, changes in local and central pain mechanisms play an important role and should be addressed, especially for patients with chronic pain. Pain neurophysiology education targets this by reconceptualizing the underlying physiological problem of a patient's pain on the assumption that an appropriate cognitive and behavioral/ motor response will follow [28] .
Education about the neurophysiology of pain has been studied in chronic pain populations, such as chronic low back pain [27, [29] [30] [31] [32] and chronic fatigue syndrome [33] . In patients with chronic fatigue syndrome, a single educational session was able to alter cognitions, such as catastrophizing, and pain behavior, such as coping [33] . In patients with chronic low back pain, pain physiology education alters pain beliefs and attitudes and, in conjunction with physiotherapy, improves functional and symptomatic outcomes [27, [29] [30] [31] [32] . Moseley has also shown that altered pain beliefs are directly associated with altered movement performance, even if no opportunity to be physically active is available [27, 32] . This implies that motor performance may be directly limited by pain beliefs. Education about the neurophysiology of pain fits within our current understanding of chronic WAD and it might be able to address cognitive emotional sensitization (central hypersensitivity influenced and modulated by cognitions and emotions) in these patients [34] . Taking this into consideration, patient education seems an economical, time-saving method to use in the treatment of WAD. By using education to improve incorrect pain cognitions and attitudes, we might prevent chronicity or improve treatment success.
The single-case study design is often used to systematically evaluate new treatments for specific (usually chronic) patient populations. Hence, it can be used in preparation of a large randomized, controlled clinical trial. One of the crucial features of the single-case design is continuous measurement throughout different conditions, which makes it possible to use individuals as their own controls. The function of the baseline is to describe the present state and predict future projection if no intervention were to take place. By this function, it is possible to judge whether change has occurred from the baseline period to the intervention period. The baseline period of a single-case study typically consists of several baseline assessments that account for the natural variability of the patients' health status. If this (often minimal) variability is suddenly "disturbed" when the intervention is conducted, it is accepted that this is a consequence of the intervention.
Although the use of psychoeducational interventions has been studied in patients with acute WAD, the use of pain neurophysiology education in patients with chronic WAD has not been examined previously. Therefore, the present study is aimed at examining whether two one-onone education sessions about the neurophysiology of pain may lead to a change in pain beliefs and behavior, symptom severity, daily functioning, pain threshold, and movement performance in patients with chronic WAD. The treatment is evaluated using a single-case study design.
METHODS

Subjects
We selected patients with WAD grades I to II according to the QTF-WAD [1] , who were experiencing chronic pain as result of a whiplash injury, from the medical files available at a university-based department of physical medicine. In WAD grades III to IV, neurological damage, fractures, and dislocations might explain the symptoms experienced by patients, whereas in WAD grades I to II, no physical signs can be identified even when sophisticated imaging techniques are used [35] [36] [37] [38] . Given the focus of the education on central sensitization as an explanatory model for WAD symptoms, we deemed it appropriate to limit the study to patients with WAD grades I to II. In addition, when anatomical abnormalities are established, patients are treated by (specialized) physicians, whereas patients without objective signs of tissue damage are referred to a physical therapist for conservative treatment. For these reasons, the study focused on patients with WAD grades I to II. In total, we selected 23 patients experiencing chronic complaints due to a whiplash injury who sought care at a local universitybased clinic. We screened the medical files of these 23 patients according to the inclusion and exclusion criteria of the study. We qualified patients with chronic WAD grades I to II having Dutch as their native language and 18 to 65 years old to participate in the present study. Out of the 23 patients, 11 fulfilled the inclusion criteria. We contacted these patients by telephone and informed them about the study. Six patients agreed to participate in the study, while five patients declined because they were not interested or they had no time to attend the seven study visits.
Procedure
We invited patients to participate in the study and gave them a detailed information leaflet. The information leaflet stated that the patients were allowed to continue any ongoing treatments but asked them not to initiate any new treatments (medication, rehabilitation, alternative medicine). We then collected patient demographic data (age, time since onset of complaints, medication usage, etc.) using a questionnaire.
This single-case study consisted of an A-B-C design in which periods A and C represent the assessment periods and period B represents the intervention (Figure 1) . Period A represents the baseline period, while period C represents the treatment-free follow-up. During the assessment (period A), we asked patients to fill out a battery of questionnaires, i.e., the Neck Disability Index (NDI), the WAD Symptom List, the Pain Catastrophizing Scale (PCS), the Pain Coping Inventory (PCI), and the Tampa Scale for Kinesiophobia (TSK). We also subjected patients to a set of clinical assessments, i.e., the Neck Extension Test, the Brachial Plexus Provocation Test (BPPT), and algometry. We randomized the test order to preclude test-order bias. We randomly allocated patients into two groups and blinded the assessor to the group allocation. Both groups received the same treatment and underwent the same measurements but differed in the sequence of events that took place during the study period. Hence, we blinded the assessor to the exact moment at which the intervention took place. The first group consisted of two patients who received their baseline measurements (period A) on days 1, 7, and 14. On day 14, they received the first treatment session (period B). The second session was given on day 21 followed by the first posttreatment measurements. The follow-up measurements (period C) were given on days 28, 35, and 42. The second group consisted of four patients who received the baseline measurements (period A) on days 1, 7, 14, and 21, followed by the treatment on days 21 and 28, and finally the follow-up (period C) on days 28, 35, and 42. We subjected the first group to three preassessments and four postassessments, while the second group underwent four preassessments and three postassessments as presented in Figure 1 .
Measurements and Questionnaires
We chose the NDI and the pain pressure thresholds (PPTs) as the primary outcome measures. The NDI was developed in 1991 as a modification of the Oswestry Back Pain Index and was the first instrument designed to assess self-rated disability in patients with neck pain [39] [40] . The NDI is scored from 0 (good function) to 50 (poor function), and the percentage of disability can be obtained when the score is multiplied by two. The NDI is a valid and reliable instrument sensitive to measure changes within a population of patients with neck pain [39] [40] .
We measured PPTs bilaterally with an analog Fisher algometer (Force Dial model FDK 40 Push Pull Force Gage, Wagner Instruments; Greenwich, Connecticut) in the skin web between thumb and index finger [41] , at the proximal third of the calf, and at the upper trapezius muscle (pars descendens) midway between cervical 7 and the tip of the acromion [42] . We assessed these sites in random order. We gradually increased the force at a rate of 1 kg/m 2 /s [43] . We defined PPT as the point at which the pressure sensation turned to pain [8] . We determined the PPT as the mean of the two last values out of three consecutive measurements (10 s in between), since this procedure has found to be reliable in nondisabled controls [43] . Algometry provides a reliable and valid measure of PPTs [44] .
The WAD Symptom List is a self-reported measure for assessing symptom severity in patients with WAD. The questionnaire is composed of the most reported WAD symptoms in the literature and some autonomic symptoms [25, [45] [46] . Every symptom is presented by a visual analog scale (VAS) (100 mm), a method that is known for its validity and reliability [47] . Previously, our research group found a good internal consistency (Cronbach  = 0.92) for the WAD symptom list (unpublished data).
The TSK is a 17-item questionnaire that measures the fear of (re)injury due to movement [48] . Items are scored on a 4-point Likert scale, and a total score is calculated (1-4 for each item) after inversion of the individual scores of items 4, 8, 12, and 16. The total scores for the TSK range from 17 to 68, with scores of 37 suggesting low fear of movement and scores >37 indicating high fear of movement [49] [50] . The TSK-Dutch version used in this study is a reliable and valid measure [12, [50] [51] [52] .
We used the PCS-Dutch version (PCS-DV) to measure catastrophic thinking about pain [51, 53] . This selfreported questionnaire consists of 13 items describing different thoughts and feelings that individuals may experience when experiencing pain. Items are scored on a 5-point scale, and one general score can be obtained for the degree of catastrophic thoughts about pain by adding up all individual item scores. This general score can be subdivided into three subscales: Helplessness, Magnification, and Rumination. Higher scores correspond to more severe catastrophic thoughts about pain. The psychometric properties of the PCS-DV are well established [51, [54] [55] .
The PCI consists of six scales (33 items) measuring cognitive and behavioral pain-coping strategies that represent two higher order pain coping dimensions: active (distraction, transformation, and reducing demands) and passive (resting, retreating, and worrying) [56] . Patients are asked to indicate how often they apply a certain strategy when dealing with pain on 4-point Likert scale ranging from 1 (hardly ever) to 4 (very often). Internal consistency, test-retest reliability, validity, and sensitivity are reported as good in different patient populations [56] [57] .
The Neck Extension Test is used to diagnose sensory disturbances in patients with whiplash and is able to discriminate between subjects with symptoms after a whiplash injury and subjects without head or neck complaints [58] [59] . During the test, patients sit looking straight forward and are asked to move their head backward as far as possible resulting in cervical extension. The patient's willingness to perform the movement is registered and the degree of pain experienced during the test performance is measured using a VAS. When there is a problem with the motor control of the movement, patients are frequently anxious about moving their head toward extension [60] . Then, the patient is asked to make the same movement, placing their index finger on a selfchosen cervical segment. When the involved segment has impaired motor control, then the cervical spine will extend better and the movement will be less or not at all painful during this test situation [60] . Therefore, patients are asked which movement felt better and pain is measured using a VAS.
The BPPT is performed with the patient lying faceup. First, a gentle shoulder depression is carried out, followed by a glenohumeral abduction and external rotation, wrist and finger extension, and elbow extension [11] . The elbow extension is stopped when the patient reports that the test is unpleasant or painful. The obtained range of elbow extension during the BPPT is measured using a standard goniometer aligned along the midhumeral shaft, medial epicondyle, and ulnar styloid [61] [62] . If no pain is experienced, elbow extension is continued to the normal end of range. At the completion of the test, the subjects are asked to rate pain on a VAS [11] . According to Coppieters et al., pain provocation during neurodynamic testing is a stable phenomenon and the range of elbow extension corresponding with the moment of "pain onset" and "submaximal pain" may be measured reliably, both in laboratory and clinical conditions [63] . We performed the test three times on each arm and calculated an average for each side.
Intervention
The intervention consisted of two educational sessions and an information leaflet about the neurophysiology of pain. We used the Neurophysiology of Pain Test (patient version) to tailor the second educational secession. All subjects participated in two one-on-one educational sessions about the neurophysiology of pain. Each session lasted about 30 minutes. The intervention was delivered by a therapist with a bachelor's degree in physiotherapy, who received training from two therapists with master's degrees in physiotherapy and experience in providing pain physiology education. The therapist who conducted the educational sessions was blinded to the results of the measurements and questionnaires. The content and pictures of the educational sessions were based on the book Explain Pain [64] [65] [66] . The education covered the physiology of the nervous system in general and of the pain system in particular. The information was presented in detail using pictures, examples, and metaphors. We started the sessions by questioning the patient on their illness perceptions and pain cognitions. The therapist used this information to individually tailor the educational session. Topics addressed during the educational sessions included the characteristics of acute versus chronic pain; the purpose of acute pain; how acute pain originates in the nervous system (nociceptors, ion gates, neurons, action potential, nociception, peripheral sensitization, synapses, synaptic gap, inhibitory/excitatory chemicals, spinal cord, descending/ascending pain pathways, brain role, pain memory, and pain perception); how pain becomes chronic (plasticity of the nervous system, modulation, modification, central sensitization, pain neuromatrix theory); and potential sustaining factors of central sensitization like emotions, stress, pain cognitions, and pain behavior. We developed the educational session in line with the content of the Neurophysiology of Pain Test in such a way that after having received the education, patients should be able to answer all questions of the test correctly. We presented the educational information verbally (explanation by the therapist) and visually (summaries, pictures, and diagrams on computer and paper). Patients could ask questions during the sessions, and we used their input to individualize the information. After the first session, we asked patients to fill out the Neurophysiology of Pain Test, a questionnaire to assess their knowledge on pain neurophysiology [65] . This is a valid and reliable questionnaire with 19 posings concerning nociception and the modulation of nociception that need to be answered with "true," "false," or "undecided" [66] . A score can be calculated by adding the correct answers, for a total possible maximum score of 19. We used the Neurophysiology of Pain Test as a part of the intervention to control which topics needed additional explanation during the second session. Patients also received an information leaflet about the neurophysiology of pain and were asked to read it carefully at home. Patients with chronic WAD often report impairments in attention and concentration and could be less focused on some aspects of the verbal education. Therefore, additional written information that can be read afterwards is a valuable and essential part of the intervention. During the second session, the therapist answered and explained additional questions that arose after reading the information leaflet. Based on incorrect answers scored on the Neurophysiology of Pain Test, the therapist selected those items and explained them once again and, if necessary, in more detail. Afterwards, we asked patients to fill out the Neurophysiology of Pain Test once again, to examine whether they understood all the information provided.
Statistical Analysis
We analyzed all data using SPSS version 16.0 for Windows (SPSS Inc; Chicago, Illinois). We calculated appropriate descriptive statistics and, to account for missing data (see the "Results" section), used the "last observation carried forward" method for the intention-to-treat analysis. We compared baseline scores between the seven different assessment points using the Wilcoxon signed ranks test to assess the natural variability of the symptoms. For every variable, we calculated an average score from the baseline measurements and another from the follow-up measurements. We examined the treatment effect by comparing the average baseline score with the average follow-up scores. Although we calculated one average baseline score and one average follow-up score for statistical comparison, Figures 2 through 8 show the evolution of the scores over time.
Using a Wilcoxon signed ranks test, we compared average test scores on baseline variables with average test scores on posttreatment variables to establish the therapy effect. We set the significance level at 0.05. We calculated effect sizes (ESs) as Cohen's d, with d defined as the difference between the two means divided by the pooled standard deviation for those means. A d-value of 0.20 is described as small, 0.50 as medium (moderate), and 0.80 as large [67] . Table 1 presents d-values translated into percentiles. For example, for an ES of 0.6, the value of 73 percent indicates that the average person in the experimental group would score higher than 73 percent of the control group, assuming that the two were initially equivalent.
RESULTS
Six patients with WAD grades I to II according to QTF-WAD guidelines participated in the study. The mean time since onset of pain was 50.3 ± 28.2 months. The group consisted of 5 females and 1 male, and the mean age was 35.7 ± 7.3 years. All patients were Caucasian. One patient reported the use of lidocaine patches (analgesic) and one patient occasionally used tetrazepam (anxiolytic and muscle relaxant). Table 2 presents detailed information about each patient.
We found no significant differences between the different baseline measurements that we collected weekly; thus, we calculated an average score for every variable. We also calculated an average score for every variable for the follow-up measurements. The Wilcoxon signed ranks test showed some significant changes between the average test scores before and after the intervention ( Table 1) .
After patients received education about the neurophysiology of pain, we found some significant changes in the primary outcome measures. A significant decrease in average NDI scores was established (p = 0.046), and five out of six patients showed an average improvement of 17.7 percent on the NDI. After the education session, the percentage of neck disability (NDI) reduced from 28.3 to Evolution of mean Neck Disability Index (NDI) scores over time in six patients with chronic whiplash associated disorders. Baseline assessments at 3, 2, and 1 week before intervention; follow-up assessments 1, 2, and 3 weeks after intervention.
Figure 5.
Evolution of mean Whiplash Associated Disorders (WAD) Symptom List Photophobia subscale scores by visual analog scale over time in six patients with chronic WAD. Baseline assessments at 3, 2, and 1 week before intervention; follow-up assessments 1, 2, and 3 weeks after intervention.
22.7 percent. PPTs measured at the trapezius muscle (p = 0.03) and the calf (p = 0.04) improved significantly after the intervention. While all patients showed improved PPTs measured near the neck (33.3% improvement), five out of six patients showed improved PPTs measured at the calf (25.5% improvement).
After the intervention, we found a decrease in every PCI subscale score regarding passive coping. The Resting subscale significantly decreased (p = 0.03, d = 1.29) in all patients with WAD, with a change in scores of 18.3 percent. While in five out of six subjects, the mean scores on the Retreating and Worrying subscales decreased by 8.1 and 8.7 percent, respectively, the changes were not significant (Retreating subscale: p = 0.08, d = 0.25; Worrying subscale: p = 0.09, d = 0.31). We found no significant changes for the PCI subscales regarding active coping and for the PCS. We did, however, find a significant decrease in the score on the TSK (p = 0.03, d = 0.82); all patients with WAD showed an average improvement on the TSK of 13.8 percent. Using the WAD Symptom List, we observed a significant reduction in photophobia (p = 0.04, d = 0.34).
One patient from group 1 did not attend the physical examinations performed on day 35. We replaced the missing values using the last observation carried forward method. After patients received the education intervention, pain scores during the BPPT reduced significantly (p = 0.04, d = 1.45) from 31.15 mm to 12.47 mm. During the Neck Extension Test, patients' willingness to perform the movement was registered to indicate whether there was a problem with their motor control, which often translated to anxiousness to perform the movement. This was the case for one patient who refused to perform the Neck Extension Test during the examinations in fear of pain provocation. At baseline, patients scored significantly lower (p = 0.04) on the VAS during performance of the Neck Extension Test when they were able to fixate a selfchosen cervical segment. At the follow-up measurements, the difference was no longer found to be significant (p = 0.07). On the question "Could you perform the movement better during the test with or without fixation?" all patients replied that the test with fixation helped them to perform the cervical extension movement better. This was Figure 6 . Evolution of mean pain pressure threshold (PPT) scores over time in six patients with chronic whiplash associated disorders. Baseline assessments at 3, 2, and 1 week before intervention; follow-up assessments 1, 2, and 3 weeks after intervention.
Figure 7.
Evolution of mean Neck Extension Test scores by visual analog scale over time in five patients with chronic whiplash associated disorders. Baseline assessments at 3, 2, and 1 week before intervention; followup assessments 1, 2, and 3 weeks after intervention. 
DISCUSSION
These data from a single-case study on six patients with chronic WAD suggest that pain physiology education is accompanied by improvements in pain cognitions, pain thresholds, and pain-free movement performance. Because there were no significant changes between the different assessment scores that were repeated weekly during the baseline period, we can accept that these improvements were due to the intervention. During the baseline period, the average score on the TSK indicated high fear of movement in all patients with WAD. Throughout the education, we explained the positive effect of movement on the healing process of damaged tissues and informed patients that movement would not per se cause (re)injury (even if they are in pain). During the follow-up period, we observed a significant decrease in kinesiophobia and, using the cutoff score of 37, identified low fear of movement in all participants. In addition, resting was significantly less used in response to pain, and while it was not found significant, patients reported using fewer passive coping strategies such as worrying and retreating.
Hypervigilance, catastrophizing, and avoidance behavior are important psychosocial factors of cognitive emotional sensitization. Descending facilitatory pathways have been identified connecting the brain stem with the spinal cord. Behavioral evidence shows that forebrain centers, responsible for emotional and cognitive control, are capable of exerting powerful clinically significant influences on various nuclei of the brain stem [68] . In addition, the limbic system-a group of structures in the brain involved in emotions, moods, and regulation of emotional reactions-is neurophysiologically connected to nuclei in the brain stem from which the pain facilitatory pathways depart [68] . Consequently, negative emotions, thoughts, attention, stress, etc., can modulate the activity in the descending pathways, facilitating pain and resulting in cognitive emotional sensitization [68] . In cases of hypervigilance, catastrophizing, or avoidance behavior, intensive education about the exact nature of chronic whiplash pain is likely to facilitate effective rehabilitation. McClune et al. developed an evidence-based educational booklet, The Whiplash Book [69] [70] . The content emphasizes the positive prognosis of whiplash injuries and promotes activity [69] . Patients with acute WAD showed a substantial improvement in beliefs after reading the book. In contrast, patients with WAD attending a private practice for manipulation showed only a small change in beliefs, and the authors argued that this may have been due to the chronicity of their symptoms [70] . Changing inappropriate pain beliefs should be the initial phase of rehabilitation in those with chronic WAD. If not, poor understanding of pain may lead to the acquisition of maladaptive attitudes, cognitions, and behavior in relation to pain and consequently poor compliance to any active treatment.
After reconceptualizing pain during the educational sessions, patients' improvements in pain behavior during the follow-up period were accompanied by a decrease in symptoms. We established a trend for a decrease in overall symptom severity (the total score on the WAD Symptom List) with a Cohen's d ES of 0.62 (transformed Cohen's d = 74%). Patients reported less sweating (transformed Cohen's d = 72%) and photophobia (transformed Cohen's d = 64%). Sweating and photophobia are symptoms that indicate the presence of central sensitization. It seems plausible that improving pain beliefs and behavior is important, not only for enabling proper functioning of the central pain-inhibitory pathways, but also for improving movement performance. Inappropriate cognitions appear closely related to movement performance [27, 32] . Patients reported a trend toward improvement in neck mobility on the WAD Symptom List and a significant decrease on self-rated disability (NDI). Neck disability experienced by patients decreased from 28.26 to 22.72 percent. These results are comparable to the findings of Moseley [30] , although that study used four educational sessions of 1 hour each in combination with physiotherapy to reduce disability in patients with chronic low back pain. The present study achieved similar responses in patients with chronic WAD using only two educational sessions of 30 minutes each. An educational session of 30 minutes would be more suitable for application to clinical practice. Not only are treatment sessions with a physical therapist restricted in time, patients with chronic WAD additionally often experience attention and concentration difficulties.
Using the Neck Extension Test, we established impairment in cervical motor control at baseline. After the intervention, we could detect no significant impairment and moreover, patients experienced significantly less pain during cervical movement performance. We observed the same during the BPPT, where we established an improvement in pain-free movement of 60 percent. We found a large ES ranking in the ninety-third Cohen's percentile. PPTs measured near the neck and the calf increased significantly by 33.2 and 25.5 percent, respectively. By altering pain cognitions, such as pain coping and avoidance behavior, it could be possible that patients are more exposed to activity that in turn leads to increased or altered performance [13, 71] . In the longer term, this could result in increased PPTs and pain tolerance. The combination of self-reported measures and clinical assessments is a strength of this study. For future research it would be useful to examine whether pain education improves cervical mobility during performance of the Neck Extension Test as well.
Education about pain neurophysiology is one aspect of chronic pain rehabilitation, and it would be useful to further examine its effect in combination with other therapies. Although it seems interesting to examine the effect of combined treatment, we first wished to examine whether education on pain neurophysiology has any potential for patients with chronic WAD. Although the present pilot study was small, it is remarkable that we observed some important significant changes and ESs. Besides, the single-case study design is a research design that has proven its usefulness in the behavioral sciences. In medical science it is often used to systematically evaluate new treatments for specific (usually chronic) patient populations. The baseline period typically consists of several baseline assessments that account for the natural variability of the patients' health status. If this natural variability of the chronic patient is suddenly "disturbed" during the intervention period, the change might be attributed to the intervention. Hence, the single-case study design can be used to examine the feasibility of a new treatment for a particular population in preparation of a large randomized, controlled clinical trial. Caution should be taken with generalizing the study findings. The study findings are solely applicable to people with WAD grades I to II. Currently, data addressing the applicability of pain physiology education in patients with chronic WAD grades III to IV are currently unavailable. In addition, we used a small sample size and the effects of education are dependent on not only the format, the content, and the patient, but also the practitioner providing the education. The attitude of the healthcare provider is crucial in educating patients [72] . Although the current results need to be verified in a randomized clinical trial, the present study suggests that education about the neurophysiology of pain is able to increase PPTs and improve pain behavior and pain-free movement performance.
CONCLUSIONS
Chronic WAD is a debilitating and costly condition, and treatment remains challenging for clinicians, including rehabilitation specialists and physiotherapists. Because very few trials have evaluated conservative interventions for patients with chronic WAD, clinical studies examining the effectiveness of conservative treatment strategies are required. Changing inappropriate pain beliefs should be the initial phase of rehabilitation in those with chronic WAD. If not, poor understanding of pain may lead to the acquisition of maladaptive attitudes, cognitions, and behavior in relation to pain and subsequent poor compliance to any active treatment. The results of this pilot study suggest that rehabilitation specialists and physical therapists are able to influence negative thoughts and pain behavior by educating patients with chronic WAD about the neurophysiology of pain. The improvement in pain behavior resulted in improved neck disability and increased pain-free movement performance and pain thresholds. 
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